1. Introduction {#sec0005}
===============

Despite parallel literatures investigating selective attention to social stimuli (e.g., [@bib0170]; [@bib0175]; [@bib0240]; [@bib0300]; [@bib0305]) and memory for social stimuli (e.g., [@bib0080]; [@bib0155]), little work has investigated the relationship between the two. Recently we have shown that there are functional consequences of attention to task-irrelevant social stimuli on learning and memory in adults. Participants learnt about the location of targets hidden in naturalistic visual scenes that contained either a salient social distractor or an equally salient non-social distractor. Both behavioral and gaze differences occurred during a visual-search learning task that were indicative of social distraction, and these behavioral differences were associated with subsequent poorer memory performance for target locations in social scenes ([@bib0075]). However, many open questions remain about how the relationships between social biases, attention and memory unfold during development. Asking these developmental questions is very interesting, because contrasting mechanisms may be at play when young individuals deploy their attention to learn, later to remember, and finally to guide attention based on memory in the context of salient but task-irrelevant social stimuli. Do children demonstrate an attention bias similar to adults towards social stimuli compared to non-social stimuli? Do these social biases affect spatial contextual memory, as we have shown previously with adults? As we detail later, children may be differentially more influenced than adults by social items as they are searching for target items, both because of strong social biases and relatively poorer attention guidance. The functional consequences of these social attention biases on memory-guided attention also remain unexplored.

Indeed, although we know that attention influences memory, memory itself also affects attentional orienting, a bidirectional relationship that in adults is well-documented for both short-term ([@bib0010]; [@bib0120]; [@bib0160]) and longer term memory ([@bib0050]; [@bib0110]; [@bib0135]; [@bib0245]). Hypotheses about how longer term memory influences attention in adulthood and childhood come from seminal work using the contextual cueing paradigm ([@bib0045]; although see [@bib0260]; [@bib0290] for arguments against the implicit nature of learning in contextual cueing). Other, more recent work has built on these studies ([@bib0215], [@bib0210]; [@bib0265]; [@bib0275], [@bib0280]). Typically, participants search for target objects in natural scenes over several blocks, to form a memory for where the target is located in each scene. Memory precision for target location is also tested. After a break, participants react to the onset of the target superimposed on a previously studied scene in either the learned location (valid trials) or in a different location (invalid trials) while fixating centrally ([@bib0250], [@bib0255]; [@bib0275]). This classic memory-guided Posner-style attention orienting paradigm leads to a validity effect, whereby reaction time (RT) for invalid trials is significantly longer than RT for valid trials. This additional orienting task therefore allows for investigating the effects of memory on attention orienting.

Memory-guided attention orienting in childhood has been investigated primarily using the contextual cueing paradigm. A small and growing literature suggests that children demonstrate contextual cuing effects that are similar to adults, but findings are mixed. Although a study using the original contextual cuing paradigm ([@bib0045]) did not report a memory-guided attention effect with 10-year-old children ([@bib0295]), another study using more child-friendly stimuli (cartoon red and blue fish) found contextual cueing in 5--10 year-old children ([@bib0070]). Further, there is evidence of a relatively stable contextual cueing effect across development, from 6 years to beyond 65-years-old ([@bib0190]). However, it is useful to bear in mind that the psychological and neural mechanisms of contextual cueing demonstrated by children may not be identical to adults. In particular, studies suggest that distractor-target similarity hinders children more than adults ([@bib0310]), and that children are more sensitive to the ratio of attended to unattended distractors ([@bib0055]), as well as to the overall ratio of familiar-to-novel search displays ([@bib0315], [@bib0320]). These differences indicate that potential immaturities in perceptual learning, selective attention, and/or working memory may affect contextual cueing in childhood. In addition, contextual cueing paradigms typically involve searching for target items within arrays of distractors, rather than within naturalistic scenes, a further aspect that may underestimate children's abilities compared to search in naturalistic scenes, especially scenes that contain socially relevant information.

A vast literature describes the presence of a social bias from birth ([@bib0200]), and even when faces are presented in complex natural scenes ([@bib0005]; [@bib0090]). Beyond attention to social stimuli over other stimuli in general, there is evidence that children process face stimuli similarly to adults (e.g. [@bib0195]), and young children also demonstrate similar attentional biases to adults, specifically towards threatening faces (e.g. [@bib0180]). It is therefore likely that children possess an attentional bias towards social stimuli that is similar to that of adults. However, although children's social bias may be similar to adults, differences in general attention abilities may lead to differences in performance when compared to adults as in the current study. Following up on a study showing development in attention to faces in natural scenes between 3 to 9 months, Frank and colleagues reported a relationship between attention abilities, as measured by visual search, and face preference in infants between 3--9 months ([@bib0095]). This study suggests that what drives increased attention to faces over infancy is not a change in the bias towards social stimuli itself, but rather an increased ability to inhibit competing salient stimuli and/or sustain attention to face stimuli. It is possible that children show greater social-distraction effects, due to immature attention skills, which could lead to a reduced ability to inhibit social distractors when recalling from memory and when directing attention on the basis of their memory.

1.1. The current study {#sec0010}
----------------------

The present study combined behavioral and eye-tracking methods to examine the influence of social distraction on memory and later memory-guided attention orienting in 6- to 10-year-olds and young adults. During an initial visual search phase, repeated across 3 blocks, participants located targets in scenes containing either a social or non-social distractor. Later, their memory for target location was tested. Finally, participants completed an attention-orienting task in which they detected the brief presentation of learned targets within their associated scene (either social or non-social) at either a valid (learned) versus non-valid (new) location. We posed three complementary questions: 1) Do children demonstrate social distraction during visual search within natural scenes, similar to adult participants? 2) Does social distraction influence children's memory performance, such that memory is poorer for social scenes, similar to adult participants? 3) Do the effects of social distraction on memory influence later memory-guided orienting in similar ways in children and adults? Here we cast a broad net and targeted children spanning mid-childhood (6- to 10-years of age).

A number of differential hypotheses emerge. First, we hypothesized that strong social attention biases during learning in children may result in poorer overall memory in children compared to adults. Secondly, we further predicted that stronger social attention biases in children would result in greater costs when using memory to direct attention. However, attentional biases need not necessarily influence subsequent memory and memory guided attention in the same way in children and in adults: the changing interactions between attentional networks over mid-childhood ([@bib0230]), and their changing relationships with developing medial temporal lobe structures (e.g., [@bib0105]) might mean that children attend to, encode and recall naturalistic scenes differently from adults. For example, Gopnik and colleagues have suggested that greater exploration by children compared to adults, rather than highly task-focused behaviour, may paradoxically result in unexpected later benefits in performance (e.g., [@bib0115]). Thirdly, the role of social attentional biases in how memory-guided effects operate has not been studied in adults, to our knowledge. It is possible that, even in adults, social attention biases may establish different memory traces that in turn may re-inforce differences in attention orienting. In this context, then, studying interactions between social biases, attention and memory affords the opportunity of unveiling potentially differential mechanisms at play in children compared to adults.

2. Methods and materials {#sec0015}
========================

2.1. Participants {#sec0020}
-----------------

The University of Oxford Central University Research Ethics Committee (CUREC) approved this research. Eighteen healthy children volunteered to participate in this study. Two were excluded due to not completing the task, leaving 16 participants (aged 6--10, average age 8.44, 9 female). Age was evenly distributed over this age range: there was one participant aged six, three participants aged seven, four participants aged eight, four participants aged nine, and four participants aged 10. Eighteen healthy adult volunteers participated, and sixteen were included in the analysis (aged 19--21, 14 female) to equate the numbers between the two age groups and fully counterbalance for both groups the characteristics of natural scenes to be learnt. All participants had normal or corrected-to-normal vision.

2.2. Stimuli {#sec0025}
------------

Stimuli were the same as those used in the previous study ([@bib0075]). Stimuli were counterbalanced across participants as detailed in [Fig. 1](#fig0005){ref-type="fig"}. Target location, distractor type and validity of the scene during the orienting phase were counterbalanced (as described below). While half of the participants saw the same 40 scenes as valid and the other 40 scenes as invalid, the other half saw the reverse. Within this counterbalancing, distractor location (left or right side) and gender of social distractors (male or female) were also balanced to the extent possible ([Fig. 1](#fig0005){ref-type="fig"}). Target location (same or opposite side as distractor), distractor location (left or right side), and validity (valid or invalid scene during the orienting phase) counterbalancing resulted in eight participant groups. We controlled for important differences associated with low-level visual salience, using a graph-based visual saliency algorithm ([@bib0130]) to ensure that the physical salience of social vs. non-social distractor items embedded within scenes is matched. For both target locations, paired samples t-tests comparing social and non-social versions of all scenes revealed no significant differences in salience between: (1) social/non-social distractors identified with hand-drawn AOIs (p \> 0.250), (2) social/non-social scenes overall (p \> 0.250), and (3) social/non-social scene target objects in the target locations identified with circular AOIs (p \> 0.250).Fig. 1Scenes balanced for distractor type, distractor location, target location, orienting phase validity and distractor gender. Distractor location refers to screen hemifield. Target location is with respect to the distractor: same or opposite (opp) side of the distractor. Validity is with respect to the target appearance during the orienting phase: valid (V) or invalid (I) location. Distractor gender (F: female, M: male) is only applicable to social scenes.Fig. 1

2.3. Procedure {#sec0030}
--------------

### 2.3.1. Visual search {#sec0035}

Participants sat approximately 60 cm away from a 23" monitor with 1920 by 1080 pixel resolution (spanning 45.89 by 26.90 ° of visual angle). Instructions and task structure were based on a previous study ([@bib0075]). For each trial, participants saw: 1) a fixation square for 1000--1500 ms, 2) the object alone (1.61 by 1.61 ° of visual angle) for 3000 ms, 3) the scene and embedded object, and 4) feedback for 1000 ms ("Object not found" or "Object found" on blank screen). Maximum search time was 20 s in the first block and decreased by 4 s each subsequent block. Participants observed all 80 scenes in random order during each of three blocks.

There were several small alterations to the task from the previous study. The task was cartoon themed, including images of characters during the feedback and instruction screens, a story for the task including the characters to make the task appear more like a game, and points acquired after each block (which were random and increasing from block to block). A practice phase was included before the task, consisting of twelve trials. When the targets were correctly located, they flashed bigger and smaller for positive reinforcement. These three alterations were included to make the task child-friendly. The child-friendly version was used with adults here for consistency and to enable comparisons between age groups. Furthermore, instead of pressing the spacebar to reveal the cursor, participants pressed the mouse. Because a higher resolution monitor was used for this task, the scenes were displayed centrally to occupy the same number of pixels (1680 by 1050) with a grey (153, 153, 153) border surrounding. To record eye gaze for both children and adults, the current study used a Tobii TX300 eye-tracker with gaze recorded from both eyes at 300 Hz following a 9-point calibration. This eye-tracker was used as it allows for greater head movement and does not require a chin rest, which is more practical and better suited for children. Participants' eye gaze positions were calibrated before the start of each block.

### 2.3.2. Memory phase {#sec0040}

This phase was identical to the previous study, but also included a cartoon themed introduction. After a short break, explicit memory for target locations was probed. Participants saw each scene with its accompanying social/non-social distractor in a random order. The target appeared in the center of each scene and participants could move it around the scene with the mouse, indicating the remembered location with a mouse click. The timing for these trials was self-paced.

### 2.3.3. Orienting phase {#sec0045}

After the memory phase, participants took a break, which lasted approximately 30 min. Participants then engaged in a memory-guided orienting task in which they responded to the brief appearance of targets within their associated scenes. This task was a covert orienting task---participants were required to hold their gaze at a centrally located fixation cross present during the entire presentation of scenes.

Trials commenced with the presentation of a the central target (2.16 by 2.16 ° of visual angle) for 3000 ms. The scene appeared after a fixation cross presented on a blank screen for 500--1500 ms. The target object was presented superimposed on the scene for 100 ms after 1000--1500 ms. After target disappearance, the scene remained present for 1000 ms during a response window. A fixation point remained present throughout the trial ([Fig. 2](#fig0010){ref-type="fig"}). After each trial, a fixation square lasting between 1000--1500 ms appeared, which prompted participants to get ready for the next trial. Participants responded to the presentation of the target object by pressing the left mouse button if the target appeared on the left and the right mouse button if the target appeared on the right. Although several previous studies using this memory-guided orienting task utilized a presence/absence version of the orienting task in which entire scenes were presented briefly (200 ms) (e.g. [@bib0210]), this version was chosen for being simpler for use with children. The preference for left / right vs. present / absent demands was driven also by our goal to reduce the overall duration of the session and limit fatigue in all participants and especially children: indeed, present / absent designs double the number of trials necessary to measure cue-validity effects (as these can only be measured in target-present trials). In half the scenes, the object appeared in the learned location (valid trials) and in the other half the object appeared in a new location on the opposite hemisphere (invalid trials).Fig. 2Trial sequence for the orienting phase. Participants viewed: 1) a fixation square, 2) the centrally presented target, 3) a warning cross, 4) the scene cue, 5) the target appearance, 6) reaction time window.Fig. 2

This procedure was the same for both children and adults, except that, for the memory-guided attention orienting phase alone, eye tracking was used with children and not adults to ensure that child participants maintained fixation. In adults, fixation on the centre was ensure by monitoring lateral eye-movements through eye-channels placed at the outer canthi of their eyes (for adults only, these were used as part of a separate electroencephalographic study). It was important to encourage and ensure fixation on the centre for the orienting task, because overt eye-movements would confound any costs incurred by an invalid memory cue. However, here eye-tracking data did not constitute a key outcome measure. This is in contrast to the visual search phase, in which eye tracking was of interest as a technique and used with both children and adults. The experimenter also watched closely and reminded children to fixate centrally when necessary.

2.4. Statistical analysis {#sec0050}
-------------------------

### 2.4.1. Visual search {#sec0055}

Accuracy was calculated according to whether participants correctly clicked on the target within a buffer of 0.63 ° of visual angle. Search time (time from scene onset to click on the target) and first look (whether the first saccade and associated fixation after scene onset was to the distractor), were both calculated only for trials in which the target was accurately located during this phase of the experiment (See [Table 1](#tbl0005){ref-type="table"} for number of included trials).Table 1Number of trials included in analyses (out of 80).Table 1First lookSearch timeMemory precisionOrienting phase RTBlock 1Block 2Block 3Block 1Block 2Block 3Child60.87(15.94)68.07(12.55)70.40(11.71)76.25(3.36)77.56(2.06)78.44(1.82)79.38(1.02)67.13(6.97)Adult72.25(9.84)75.06(4.78)76.81(2.59)77.75(3.45)77.94(1.88)78.31(1.49)79.38(1.02)73.88(2.55)[^2]

### 2.4.2. Memory phase {#sec0060}

Distance in pixels from the accurate target location to the recalled location for trials in which participants accurately found the target object at least once during the visual search task (See [Table 1](#tbl0005){ref-type="table"} for number of included trials).

### 2.4.3. Orienting phase {#sec0065}

Accuracy was calculated as trials in which participants correctly responded to the location of the target appearance (on the left or right hemisphere) with the left or right mouse button, within the reaction time window. Reaction time (RT) from target onset to mouse press was calculated for accurate trials. Included trials for reaction-time analyses were also limited to trials in which participants accurately found the target object at least once during the visual search task, and trials in which the reaction time was within two standard deviations of the mean for that condition for that participant (See [Table 1](#tbl0005){ref-type="table"} for number of included trials).

### 2.4.4. AIC modeling {#sec0070}

We analyzed each dependent measure via an information-theoretic (IT) approach that involves using Akaike's information criterion (AIC) modeling ([@bib0040]). In this approach, a global linear mixed-effects model was created using all fixed predictor variables of interest, with subject and scene as random variables to account for the non-independence across trials within subjects and across blocks of the visual search task within scenes. Random slopes were included in the mixed-effects models according to the "best-path" method described in the literature ([@bib0020]). Next, a subset of candidate models that contained all possible combinations of the fixed effects included in the global model were specified. These candidate models were ranked according to their AIC score (lower scores indicate better fit), and the delta AIC (Δ~i~) in relation to the highest-ranking model as well as the Akaike weight (*w*) were calculated using the *R* package *MuMIn* ([@bib0025]). Akaike weight based averaging over all candidate models allowed for the derivation of the mean estimates of the coefficients (*θ*) (calculated by averaging the estimates over all candidate models that included the *θ* of interest, weighted by *w*) and the 95% confidence intervals (CI) to determine which coefficients were statistically significantly different from zero.

We utilized this approach as it allowed us to include all trials in the analyses in contrast to averaging over trials, which incorporates the variance within subjects into the model. It also offers a more appropriate analysis of proportion data by using logit linear mixed-effects models for binomially distributed outcomes with the binary response variable first look ([@bib0145]). Finally, including scene as a random variable additionally accounted for variance between scenes, which aids in determining the strength of distractor effects beyond variability across scenes, also known as controlling for item effects ([@bib0015]; [@bib0150]).

All models were checked for the assumptions of normality and homogeneity of variance using visual inspection in *R*. If data were not normally distributed, data were transformed with natural log (ln). The variable manual search time was transformed due to positive skew.

### 2.4.5. Eye-tracking processing {#sec0075}

Eye-tracking data from the left eye were processed and analyzed using custom Matlab scripts. Gaze data was pre-processed for two purposes: 1) to replace invalid data or data during blinks with last good values, and 2) to exclude invalid trials from analyses. Gaze data points were considered invalid if one or both eyes were not found or recorded gaze was outside the screen area. Blinks were detected by zero values for pupil diameter, as well as instantaneous rate of change of pupil diameter greater than approximately 0.05 mm/ms for both eyes. Trials were flagged as invalid for any of the following reasons: 1) more than 1000 ms of consecutive invalid gaze points after scene onset, 2) more than 1000 ms of consecutive invalid gaze points immediately prior to target location, or 3) more than 40% of invalid gaze points throughout the trial. On average, approximately 4% of trials were excluded using these criteria. Fixations were calculated using a maximum velocity threshold of 75 ° of visual angle/second, a dispersion threshold of 0.5 ° of visual angle around the fixation centroid and a minimum duration threshold of 50 msec. Areas of Interest (AOIs) were hand drawn around distracters.

3. Results {#sec0080}
==========

3.1. Visual search {#sec0085}
------------------

### 3.1.1. Accuracy (%) {#sec0090}

For this analysis, logit mixed-effects models (Generalized Linear Mixed Effects Models for binomially distributed outcomes) were used in AIC modeling because accuracy was operationalized as a binary variable. Model averaging revealed a significant effect of both age and block on the model ([Table 2](#tbl0010){ref-type="table"}), with poorer accuracy for children (*M* = 96.77%, *SD* = 2.64%) compared to adults (*M* = 98.27%, *SD* = 2.09%). Overall, accuracy increased over blocks (block 1: *M* = 96.63%, *SD* = 2.83%; block 2: *M* = 97.57%, *SD* = 2.08%; block 3: *M* = 98.36%, *SD* = 1.91%).Table 2Model averaging with parameters related to the dependent measures during visual search.Table 2Search time (ln(s))First look (yes/no)Accuracy (%)PredictorEstimatel-95% CIu-95% CIp-valueEstimatel-95% CIu-95% CIp-valueEstimatel-95% CIu-95% CIp-value(Intercept)1.1881.081.295\<0.001−1.953−2.304−1.61\<0.0014.5213.7925.245\<0.001Age**0.4340.2970.573\<0.001**0.273−0.0240.5690.071**−0.882−1.686−0.0790.032**Block**−0.556−0.638−0.468\<0.001**−0.108−0.3630.1580.433**0.7060.2271.2050.006**Distractor−0.025−0.0620.0110.175**0.6150.2290.9960.002**0.129−0.2840.5150.559Age x Distractor−0.011−0.0580.0370.632**0.4720.0920.8530.015**−0.329−0.9270.2620.283Block x Distractor**0.060.0130.1060.012−0.484−0.822−0.1460.005**0.024−0.7410.7880.952Age x Block**−0.116−0.196−0.0360.004**0.226−0.1250.5790.2020.508−0.241.250.185Age x Block x Distractor−0.061−0.1380.0170.128−0.319−0.9520.3130.322−1.067−2.5880.4540.169[^3]

### 3.1.2. Search time (s) {#sec0095}

AIC model averaging on search time during the visual search task revealed that the coefficient estimates for both age (with slower search times for children compared to adults) and block (with search time decreasing over blocks) were significantly different from zero, as well as the estimates for the block-by-distractor and age-by-block interactions ([Table 2](#tbl0010){ref-type="table"}). In order to interpret the estimates for these interactions effects, a mixed-model ANOVA with two within-subjects factors (distractor: social, non-social; block: one, two, three) and one between-subjects factor (age: child, adult) was carried out. The linear contrast of the block-by-distractor interaction reached significance, *F*(1, 30) = 6.12, *p* =  0.019, η^2^ = 0.17. Extracting the regression slopes for each participant for social and non-social scenes separately showed steeper negative slopes for non-social scenes (*M* = −0.31 ln(s), *SD* = 0.04 ln(s)) compared to social scenes (*M* = −0.29 ln(s), *SD* = 0.04 ln(s)) ([Fig. 3](#fig0015){ref-type="fig"}). There were significant differences between blocks for children and adults separately (all *p* \<  0.001), and likewise significant differences between adults and children for each block separately (block one: *p* \< 0.001, block two: *p* = 0.002, block three: *p* = 0.003), therefore it was difficult to determine the source of this interaction effect.Fig. 3Log-transformed visual-search time over three blocks for children and adults. The distractor-by-block interaction had a significant effect on the model, with shallower search slopes for social scenes compared to non-social scenes for both children and adults, indicative of slower improvement over blocks for social scenes. Error bars are standard errors of the mean (SEMs).Fig. 3

### 3.1.3. First look (yes/no) {#sec0100}

For this analysis, logit mixed-effects models (Generalized Linear Mixed Effects Models for binomially distributed outcomes) were used in AIC modeling because first looks on the distractor were operationalized a binary variable. There were significant effects of distractor (with more first looks to social compared to non-social distractors), as well as the age-by-distractor and distractor-by-block interactions on the model ([Table 2](#tbl0010){ref-type="table"}). A mixed-model ANOVA with two within-subjects factors (distractor: social, non-social; block: one, two, three) and one between-subjects factor (age: child, adult) was carried out too interpret the estimates for these interaction effects. Post-hoc analyses revealed the distractor-by-block interaction to be driven by significantly greater proportion of first looks to social distractors compared to non-social distractors in block one (*p* \<  0.001), but no significant difference in blocks two (*p* =  0.087) or three (*p* =  0.101). Post-hoc analyses revealed the age-by-distractor interaction to be driven by significantly greater proportion of first looks to social compared to non-social distractors for children (*p* \<  0.001), but not for adults (*p* \>  0.250). This was due to a significantly greater proportion of first looks to social distractors for children compared to adults (*p* \>  0.001), however no difference in proportion of looks to non-social distractors (*p* =  0.207) ([Fig. 4](#fig0020){ref-type="fig"}).Fig. 4Proportion of trials with first looks to the distractor over three blocks for both children and adults. While children demonstrated a significantly greater proportion of first looks to social distractors compared to non-social distractors overall, adults showed only a significant difference in the first block, indicative of a rapidly diminishing attentional capture. Error bars are SEMs.Fig. 4

### 3.1.4. Memory phase {#sec0105}

AIC model averaging revealed the coefficient estimates for age and distractor to be significantly different from zero ([Table 3](#tbl0015){ref-type="table"}), with better memory precision (smaller distance in pixels between recalled and actual target location) for children compared to adults, and with poorer precision for social compared to non-social scenes ([Fig. 5](#fig0025){ref-type="fig"}).Table 3Model averaging with parameters related to memory error (pixels from target).Table 3HEstimatel-95% CIu-95% CI*p*-value(Intercept)162.48123.206201.637\<0.001**Age−85.14−139.719−29.910.002Distractor25.363.70547.1340.022**Age x Distractor−18.78−48.38510.8330.214[^4]Fig. 5Memory error (distance in pixels between the recalled and accurate target location) for children and adults. Children demonstrated better memory precision compared to adults, while overall memory precision for social scenes was poorer compared to non-social scenes. Error bars are SEMs.Fig. 5

3.2. Orienting phase {#sec0110}
--------------------

### 3.2.1. Accuracy (%) {#sec0115}

For this analysis, logit mixed-effects models (Generalized Linear Mixed Effects Models for binomially distributed outcomes) were used in AIC modeling because accuracy was operationalized as a binary outcome. Model analysis of accuracy in the orienting task revealed a significant effect of age on the model ([Table 4](#tbl0020){ref-type="table"}), with poorer accuracy for children (*M* = 88.62%, *SD* = 9.83%) compared to adults (*M* = 98.26%, *SD* = 3.06%).Table 4Model averaging with parameters relevant for dependent measures during the orienting phase.Table 4RT (s)Accuracy (%)PredictorEstimatel-95% CIu-95% CIp-valueEstimatel-95% CIu-95% CIp-value(Intercept)0.3990.3540.441\<0.0014.893.9145.83\<0.001Age**0.1750.1160.24\<0.001−2.412−3.492−1.294\<0.001**Distractor0.011−0.0060.0290.209−0.264−0.8060.2950.388Validity**−0.035−0.054−0.0130.002**−0.1−0.8050.6670.804Age x Validity**−0.037−0.064−0.0090.009**0.549−0.3941.4970.261Distractor x Validity−0.02−0.0420.0020.073−0.068−0.7360.6090.86Age x Distractor−0.019−0.0420.0030.0970.231−0.7111.1810.636Age x Distractor x Validity0.026−0.0040.0560.0870.225−1.6882.1390.818[^5]

### 3.2.2. RT (s) {#sec0120}

With RT during the orienting phase as the dependent measure, AIC model averaging revealed a significant effect of age (with children being slower than adults), validity (with RT slower on invalid compared to valid trials, and the age-by-validity interaction on the model ([Table 4](#tbl0020){ref-type="table"}). There were also marginally significant effects of the distractor-by-validity, age-by-distractor, and the age-by-distractor-by-validity interactions. A mixed-model ANOVA with two within-subjects factors (distractor: social, non-social; validity: valid, invalid) and one between-subjects factor (age: adult, child) was carried out to interpret these effects. The significant interaction between age and validity was driven by significant differences between children and adults for both valid and invalid trials (*p* \<  0.001) as well as significant differences between valid and invalid trials for both children and adults (*p* \<  0.001). However, examining the difference score between invalid and valid trials showed a significantly greater validity effect for children compared to adults (*p* = 0.015) ([Fig. 6](#fig0030){ref-type="fig"}).Fig. 6Reaction time (RT) in seconds during the orienting phase for both children and adults. Children were slower to react, but also demonstrated a larger validity effect (the difference between invalid and valid trials) when compared to adults. Error bars are SEMs.Fig. 6

3.3. Cross-measure relationships {#sec0125}
--------------------------------

### 3.3.1. Visual search, search time (s) {#sec0130}

To investigate whether gaze behavior towards distractors predicted search time during the visual-search task, similar to adults in the previous study, and to test whether this relationship differed between children and adults, AIC model averaging was conducted with first look, distractor, age, and block as well as all possible interactions between these variables entered as predictors for search time. No significant effects or interactions occurred for first look (results not shown here).

### 3.3.2. Memory phase, memory error (pixels) {#sec0135}

To investigate whether gaze behavior or search slope during the visual-search task predicted memory error during the memory phase, as well as whether this relationship differed between children and adults, search-time slope (the slope of the search times across all three blocks for a particular scene), first-look proportion (the proportion of the blocks out of three in which the participant made a first look at the distractor for a particular scene), distractor, age, and their interactions were entered as predictors for memory error in model averaging. In addition to the effects seen in the memory-phase analyses above (age, distractor), there was a significant effect of search-time slope, with shallower slopes associated with poorer memory precision, similar to the adults in [@bib0075]. However, this effect was also qualified by a significant interaction between age and search-time slope ([Table 5](#tbl0025){ref-type="table"}). Post-hoc analyses with subject averages revealed this interaction to be driven by a significant positive relationship between search-time slope and memory precision for adults (*r* = 0.71, *p* = 0.002), but not for children (*r* = 0.14, *p* \> 0.250).Table 5Visual search measures (search-time slope and first-look proportion) as predictors for memory error during the memory phase.Table 5PredictorEstimatel-95% CIu-95% CIp-value(Intercept)159.211120.953197.482\<0.001**Age−81.99−135.919−28.1780.003Search-time slope27.7859.73646.4290.003Distractor26.6914.79448.4650.017Age x search-time slope−25.894−47.461−4.3580.019**Distractor x learn slope15.74−4.98836.4370.138First-look proportion10.467−6.14726.7790.216Age x first-look proportion−15.292−36.4215.9290.159Distractor x first-look proportion−12.364−33.3238.6670.251Age x distractor−3.815−45.13437.5010.857Age x search-time slope x distractor−6.862−48.3834.1510.745Age x first-look proportion x distractor15.005−25.84956.140.473[^6]

### 3.3.3. Orienting phase, RT (s) {#sec0140}

Finally, to determine the presence of a relationship between memory precision during the memory phase and the validity effect in the orienting phase, as well as any differences in this relationship between children and adults, memory error, distractor, validity, age, and their interactions were entered as predictors for RT in the orienting phase. In addition to the effects seen in the orienting phase analysis above (age, validity, age-by-validity), AIC model averaging revealed significant interactions between memory error and validity, distractor and validity, and among age, distractor and validity ([Table 6](#tbl0030){ref-type="table"}). Following up the interaction between memory error and validity showed there was a significant negative correlation between memory error and the validity effect (invalid -- valid trials), *r* = −0.38, *p* = 0.033. Better memory precision (smaller error value) was associated with a larger validity effect. There were, however no significant correlations between memory error and RT for valid and invalid trials separately (*p* \> 0.250).Table 6Memory error during the memory phase as a predictor for orienting phase RT.Table 6PredictorEstimatel-95% CIu-95% CIp-value(Intercept)0.40.3520.446\<0.001**Age0.1780.1090.249\<0.001**Memory error−0.002−0.0110.0060.557Distractor0.013−0.0050.0320.179**Validity−0.036−0.06−0.0110.004Age x distractor−0.025−0.0540.0030.095Age x validity−0.045−0.081−0.0090.014Memory error x validity0.0110.0010.0210.028Distractor x validity−0.025−0.05−0.0010.047Age x distractor x validity0.0420.0080.0760.015**Memory error x distractor−0.004−0.0150.0060.415Age x memory error−0.009−0.0360.0180.51Age x memory error x distractor0.026−0.0070.0590.122Age x memory error x validity0.013−0.0180.0420.411Memory error x distractor x validity−0.003−0.0210.0160.756Age x memory error x distractor x validity0.037−0.0290.1030.268[^7]

To follow up the age-by-distractor-by-validity interaction, model averaging was run for adults and children separately. Whereas adults demonstrated a significant effect of the distractor-by-validity interaction (*p* \< 0.001), children did not (*p* \>  0.250) (results not shown). Although post-hoc analyses with adults show very significant differences between valid and invalid trials for social and non social scenes separately (*p* \< 0.001), and no significant differences between social and non-social scenes for valid (*p* \> 0.250) and invalid trials (*p* = 0.220), examining validity scores (invalid-valid trials) reveals a significant difference in scores between social and non-social scenes, with a larger validity effect for social scenes compared to non-social scenes for adults only ([Fig. 6](#fig0030){ref-type="fig"}). Interestingly, while adults demonstrated the memory error-by-validity interaction (*p* = 0.045), children did not (*p* = 0.190) (results not shown).

4. Discussion {#sec0145}
=============

The current study sought to investigate the developmental interplay between social attention biases, memory and attention orienting, by comparing children 6--10 years-old and young adults, as well as investigating any age-related similarities or differences in the functional consequences of social distraction on memory and subsequent memory-guided attention orienting. Overall, our findings suggest complex interactions between social attentional biases during learning, their impact on memory and memory-guided orienting. Crucially, these interactions are modulated by age in both expected and surprising ways.

As we had predicted, children were indeed distracted by social stimuli, as were adults. Although children were overall slower to locate targets in the visual search task, they demonstrated a similar difference in search slopes, with shallower search slopes for social scenes. In addition, eye-tracking revealed even greater attentional capture by social distractors for children, who showed a greater proportion of first looks to social distractors over all three blocks, whereas adults only demonstrated greater attentional capture to social distractors in the first block. Children's social distraction during visual search was followed by differential memory performance between social and non-social scenes. Intriguingly, children demonstrated better overall memory precision than young adults; however, both adults and children showed poorer memory precision for social scenes. Adults demonstrated a greater validity effect when orienting attention in social scenes. Interestingly, this was not the case for children: poorer explicit memory for social scenes did not translate into differences in subsequent memory-guided attention orienting for children. Children demonstrated a strong validity effect overall, but no difference in this effect between social and non-social scenes. As several novel findings emerged, we begin by focusing on those of greater interest to developmentalists, the age-related differences, to then detail further observations that emerge from the adult data alone.

4.1. Age differences in social attention, memory precision and memory-guided orienting {#sec0150}
--------------------------------------------------------------------------------------

The current study extends significantly the literature on social attention, memory and memory-guided orienting in children. While it has been reported previously that school-age children are capable of implicit memory-guided attention via the contextual cuing literature ([@bib0055]; [@bib0070]; [@bib0190]; [@bib0310], [@bib0315], b), we report that children are capable of memory-guided attention even when memories are acquired through a separate learning task with naturalistic stimuli. These findings converge with a recent developmental study of memory-guided attention ([@bib0205]). Previous fMRI studies using the same memory-guided attentional orienting paradigm as the current study have implicated both the fronto-parietal orienting network, which has been described for perceptual-cue driven orienting as well as for memory-guided orienting, as well as a unique contribution of the hippocampus to memory-guided orienting exclusively ([@bib0265]; [@bib0275]), although these associations have yet to be tested more causally with lesion patients. The current study therefore supports the idea that although the medial temporal lobe, including the hippocampus, continues to develop into adolescence, ([@bib0100]; [@bib0105]; [@bib0185]; [@bib0220]), some functional aspects of this brain system may be early developing (e.g., [@bib0270]) and may interact quite efficiently with the developing dorsal fronto-parietal attention network ([@bib0230]) to guide attention in childhood ([@bib0205]). As a whole these data suggest a subtle view on the developmental cognitive neuroscience of memory-guided attention: while the basic circuitry might be set up early, there also seems to be considerable development in recruitment of medial temporal cortex and its connections with other regions Indeed, several studies support the emergence of episodic memory relatively early in development, with some aspects apparent from early childhood ([@bib0270]) and considerable later changes ([@bib0100]; [@bib0105]).

Open questions stem from the finding of greater attentional capture by social stimuli for children compared to adults, indexed by eye-movements. The fact that there was no difference in attentional capture to equally salient non-social distractors between children and adults suggests that both groups were attracted by social stimuli rather than by perceptual salience per se. This finding is consistent with literature demonstrating a bias towards social stimuli in young children that goes beyond low-level perceptual salience ([@bib0005]; [@bib0090]). Of note, children's attentional capture was greater during learning than adults' and this extends the literature that suggests a similar bias towards and processing of faces between children and adults ([@bib0180]; [@bib0195]), to suggest an even stronger attentional capture by social stimuli in children. Whether this was due to a greater social bias or rather due to more general attention immaturity, such as a poorer ability to inhibit attention capture by the irrelevant social stimuli, could not be determined by the current study. Further work is necessary to explore the mechanism behind greater attentional capture by social stimuli in children.

Perhaps one of the most surprising aspects of the current study is the overall enhanced memory precision for children compared to adults in the explicit memory task. Previous studies have shown protracted development of memory precision between 6--10 years for working memory ([@bib0035]), episodic memory (e.g. [@bib0065]), as well as spatial relational place learning ([@bib0285]). A simple possibility is that children here may have been more motivated to complete the task well. Although adults and children participated in the same task, including the cartoon themed features, and both groups reported appreciating the cartoon theme as alleviating fatigue, anecdotally children were much more engaged with earning points. Could differences in engagement and task demands have resulted in greater memory precision for children? The child friendly nature of protocol was necessary to keep children engaged in a relatively long and demanding task, and is common when tasks are adapted for use with young participants, adults may not have performed at their best, given the child friendly theme. Indeed, task demands may play an important role in age-related differences in performance (e.g., [@bib0140]; [@bib0125]). However, we do not believe that these demand differences account for adults' poorer performance here. The pattern of results obtained with this child-friendly theme and performance by a different sample of adults, assessed with the same natural scenes and task demands, but without the child friendly theme (in [@bib0075]), showed no qualitative difference in performance by the two groups of adults.

Another possibility is that the significantly longer time and effort spent searching by children during the visual-search task proved beneficial for exploration of the scenes, and therefore, in the long run, memory performance. Longer search times compared to adults may have allowed children to encode the context of the scenes better, enhancing memory precision for target locations. Indeed, a study with children 8--12 years old found a u-shaped relationship between search speed and contextual cueing effects, with intermediate length search speed associated with the largest contextual cueing effect ([@bib0060]). Furthermore, other work suggests that attentional guidance only improves contextual cueing in adults when participants are forced to take longer to find targets due to increased difficulty ([@bib0165]). Broader work on greater exploratory behaviour in children compared to adults ([@bib0115]) is also consistent with better memory precision by children here.

Interestingly, although adults showed a relationship between search slope in the visual-search task and memory precision in the memory phase followed by a relationship between memory precision and RT in the memory-guided orienting phase, within the constraints of our small sample, for children these relationships did not reach statistical significance. At first glance, this difference may suggest that only in adults does social distraction act mechanistically to affect explicit memory, which in turn affects subsequent attention orienting. However, this is very unlikely, and will need to be investigated in a larger sample of children, who will also allow testing alternative hypotheses about cross-task relationships. For example, it is possible that this discrepancy is due to overall better memory precision for children discussed above, as well as the overall slower RT in the orienting phase---general performance differences that may overpower any relationships across the tasks. Moreover, it may be that for children what is more relevant to memory performance is not the learning slope over blocks, but simply length of time spent searching. It is perhaps overall slower search times, either calculated by the average of the three blocks or the intercept, that may lead to better memory performance for children, whereas in adults improvement over blocks may be more important. A preliminary analysis of the current data, however, shows that search time does not remove the greater precision by children and it is not an overall predictor of memory precision across this sample. Further study could test these hypotheses. It is also possible that the mechanism underlying these tasks is different for children. While memory-guided orienting in the current study may be driven by more explicit memory for adults, it is possible that implicit memory is more important for children. Further study is necessary to investigate these hypotheses.

Indeed, a number of limitations need to be addressed before conclusions on these developmental differences can truly be drawn. First of all, the sample of children assessed here was small and covered a broad age range over mid-childhood. This requires addressing, as both attentional ([@bib0230]) and medial temporal circuits ([@bib0105]) develop over this period. A much larger replication exercise is under way, with a larger sample and one that is optimized to test differences in behaviour and eye-movements *within* childhood, both of which fall out the important developmental literature on memory development over childhood ([@bib0065]; [@bib0100]), but could not be studied because of the small sample size. Another limitation of this study was the use of images of adults as stimuli, which may not have been the best for eliciting social distraction in children. This is particularly relevant in light of the literature that demonstrates an "own-age bias" for face recognition, such that memory for faces is poorer for faces that are of a different age group than yourself (see [@bib0235] for a meta-analysis). This may account for the fact that although there was poorer memory for social scenes when including both children and adults, this difference was not as pronounced for children. Again, this suggestion would need to be investigated further in children using children as social distractors. We now turn to novel mechanistic insights that come from our data alone.

4.2. Adult mechanisms of social distraction and memory guidance {#sec0155}
---------------------------------------------------------------

Important to note is the fact that the current study replicated the main results from a previous study ([@bib0075]), despite several differences in methodology and narrative used to introduce the task. First, we replicated the difference in search time slopes for social and non-social scenes during the visual search task, with shallower slopes over three blocks for social scenes. This subtle difference was subsequently followed by a pronounced difference in memory precision, with poorer memory for social scenes, similar to the previous study. Finally, we replicated the cross-task relationship whereby search slope during visual search predicted memory precision in the memory phase, with shallow search slopes relating to poorer precision, but we also extended this previous study by showing that memory precision is also correlated with subsequent attention orienting.

Despite the similarities, there are also subtle differences in the results between these two adult studies. Whereas participants in previous study made more first looks to social distractors compared to non-social distractors across blocks, participants in the current study only made more first looks to social distractors in the first block. Gaze behavior and search time therefore diverged with regards to social distraction---while search time indicated social distraction over all three blocks, first look suggested social distraction only in the first block. It is therefore possible that these measures reflect different aspects of social distraction: while first looks may index more automatic distraction effects, search time may index more voluntary processes that are then related to how efficient the search is. This hypothesis would need to be investigated further. Additionally, although we demonstrated a relationship between first looks and search time in the previous study, we did not observe this relationship here. Given these discrepancies, it becomes clear that although participants may consistently demonstrate social distraction in their search times and memory precision, there is more variability in the degree of overt attention capture as measured by gaze behavior.

One intriguing finding from the current study is the fact that although we show *poorer* explicit memory for social compared to non-social scenes, adults show a *greater* validity effect for social scenes. This is particularly surprising as we also show a cross-task relationship whereby greater memory performance is associated with a greater validity effect in adults. One hypothesis is that while explicit memory for social scenes is poorer, implicit memory, which has also been implicated in the orienting phase in addition to explicit memory ([@bib0275]), may be better. Indeed, other work with a similar paradigm and healthy ageing participants suggests that explicit contextual memory is not necessary for memory-guided attention to spatial locations in natural scenes ([@bib0250], [@bib0255]). Further research is necessary to explore this hypothesis. Another possibility is that the orienting phase was overall more difficult in trials with social scenes compared to non-social scenes. Previous literature reports larger validity effects with increased task difficulty for endogenous cues (arrow cues) compared to exogenous cues ([@bib0030]). Inclusion of neutral trials may help in exploring this hypothesis by determining if RTs are longer for neutral social compared to neutral non-social trials. There is also the possibility that social memories carry added arousal value, which may in turn potentiate attention orienting effects ([@bib0085]; [@bib0225]).

Overall, our study highlights both expected and surprising differences in social attentional biases, memory for target locations and memory-guided attention in children and adults. The current study extends the literature on memory-guided attention in children by demonstrating the capacity for acquired memories to affect attention orienting in 6--10 year-old children. The current study also demonstrates that social stimuli attract children's attention during visual search with natural scenes. Of note, while social distraction during learning has an effect on subsequent memory, and on memory-guided attention orienting in young adults, for children these effects are more subtle. Most intriguingly, children's memory precision for target location is better than adults' memory. In turn, our findings suggest that attentional guidance is exquisitely dependent on the age of the observers, on the characteristics of the learning context (e.g., social vs. non-social) and the resulting memory traces.
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